Nano SnO 2 catalyzes the two-component reaction of 2-aminobenzophenones with acetylenic mono or diesters under mild conditions to afford quinoline derivatives in high yields. Nano SnO 2 shows high activity when used as surface catalyst for the synthesis of quinoline derivatives.
Background
Nanocatalysis has an important role in the chemistry of nanoscience [1] [2] [3] [4] . Many nanoparticles are used as the materials that can catalyze various chemical reactions. In some cases, nanoparticles are put on the surface since this facilitates recovery of the catalyst [5] . In addition, in several cases, users can increase the selectivity because of the high synergistic interaction between nanoparticle and solid supports [6, 7] . The applications of SnO 2 are in the semiconductors, and it has been widely used as gas sensor [8] , solar cells [9] , lithium battery and use in the materials [10] , and catalysts [11] . In the area of nanocatalysis, tin oxide (SnO 2 ) is one of the most extensively studied materials [12] . Quinoline derivatives are one of the most applicable products in the chemistry of anti-hypertensive and anti-inflammatory, with tyrosine-kinase PDGf-RTK as an inhibitor agent [13] [14] [15] [16] [17] [18] [19] [20] [21] . Due to these uses, there has been an increasing interest in the development of quinoline synthesis. There are various general methods for the synthesis of this heterocycle such as Skraup, Friedlandear, Dobner-von Miller, Combes, Pfitzinger, and Conrad-Limpach [22] [23] [24] [25] [26] . These classical syntheses are frequently used for the preparation of pharmaceutical agents, ligands, and functional materials containing a quinoline skeleton [27] . Previously, we have reported the synthesis of 4-arylquinolines via a three-component reaction of acetylenic esters and 2-aminobenzophenone derivatives in the presence of triphenylphosphine (Scheme 1) [28] .
Methods
1 H NMR spectra were recorded on DRX-400AVANCE spectrometer, Bruker AXS, Inc., Karlsruhe, Germany, at 400 MHz; infrared (IR) spectra were recorded on a Shimadzu IR-470 spectrometer, Kyoto, Japan. Nano SnO 2 powder was achieved from NanoPac Persia Co., Isfahan, Iran. Thin layer chromatography (TLC) was carried out on Fluka Silica gel TLC-cards, St. Louis, MO, USA. All of the other reagents and solvents were used as received from commercial suppliers. A transmission electron microscope (TEM) (ZEISS EM900 operating at 50 kV, Carl Zeiss AG, Germany) was used to observe the morphology and size of the nanoparticles. The XRD pattern was acquired using a D8 ADVANCE, Bruker. The diffractograms were measured for 2θ, in the range of 10 to 80°, using Cu Kα incident beam (λ = 1.51418 Å).
General procedure for the preparation of 4-arylquinolines (exemplified by 3a)
To a stirred mixture of 2-aminobenzophenone (2 mmol) and acetylenic ester (2 mmol) in EtOAc, 5 ml SnO 2 nanoparticles (5 mol%) was added. The reaction mixture was refluxed for 1 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the solid product was filtered and purified by dissolving in chloroform, and the nanocatalyst was removed by a centrifuge and pure product 3a was obtained by removing the solvent. The nanocatalyst was recovered to be reused in subsequent reactions without losing any activity. The structure of the product was confirmed by melting point, IR, and 1 H NMR spectra. The results were compared with authentic samples. 
Results and discussion
In this work, we report a methodology reaction in which 2-aminobenzophenones 2 react with acetylenic (Table 1) . It was found that nano SnO 2 acts as both site of catalysis and a support for this system due to their high surface area. A possible mechanism of the reaction is shown in Scheme 3. It is reasonable to assume that the initial attack of nucleophilic amine to the acetylenic ester leads to the formation of intermediate 4 on the surface of nano SnO 2 which can act as Lewis acid to increase the electrophilicity of the carbonyl group of 2-aminobenzophenone. Then, the product 3 is formed by loss of one molecule of water under reflux condition (Scheme 3).
In the procedure of optimizing the reaction conditions, we monitored the solvent effect, temperature dependency, and the amount of nanocatalyst. To study the optimized condition of the reaction parameters, the reaction between 2-aminobenzophenone and DMAD was considered as the model reaction. The effect of different solvents was monitored, and the excellent results were obtained when the reaction has been carried out in EtOAc. The temperature monitoring showed that the best temperature for this reaction is the reflux condition for 1 h. Also, when the reaction was scaled up to 5 mol% of nano SnO 2 , the highest yield was achieved (Table 2) , and in the absence of SnO 2 catalyst no formation of the expected product was detected even after 3 h.
The morphology, crystal structure, and sizes of the SnO 2 nanocatalyst were characterized by X-ray diffraction and TEM analyses. The powder X-ray diffraction pattern of the reaction mixture was recorded on a Rigaku D/Max-2200 diffractometer, Shibuya-ku, Japan, equipped with horizontal goniometer in θ/2θ geometry. The Cu Kα (l = 1.5418 Å) radiation was used, and the sample was scanned between 3°to 80°2θ. The sharp peaks in the diffractogram indicate that the reaction media (nano TEM images of the SnO 2 nanocatalyst in the reaction mixture (nano SnO 2 in the dimethyl 4-phenyl-2,3-quinolinedicarboxylate) in different scales (50, 100, 150, 200, and 300 nm) were obtained. Also, using the bright field technique, the nanoparticles were observed; the nanoparticles look distinctly darker than the organic phase due to the much higher electron density, the nanoparticles clearly distinguishable from organic media. The obtained pictures showed that the nanoparticles are in good dispersion state, and the nanoparticles are in the range of 70 to 95 nm.
Conclusions
In conclusion, we have reported an efficient procedure for the synthesis of quinoline derivatives using SnO 2 nanoparticles as a non-toxic and inexpensive heterogeneous nanocatalyst. The method offers advantages such as ease of the work-up, low loading of catalyst, high yields of products and short reaction times. 
